A 6-month-old Holstein heifer that was nonresponsive to medical treatment was evaluated for chronic respiratory disease. Complete blood count and serum chemistry revealed neutrophilic leukocytosis and low globulin levels. Assays for bovine leukemia virus, bovine virus diarrhea, and bovine leukocyte adhesion deficiency were negative. Serum globulin subclass assays revealed transient low concentrations of immunoglobulin (Ig) G1 and IgA, persistent low IgG2, and subnormal IgM. Vaccination with 2 doses of multiple, inactived viruses induced seroconversion for most viruses. Flow cytometric analysis of blood lymphocyte subpopulation demonstrated an increase in CD5ϩ B-cells. Blood lymphocyte proliferation and neutrophil function tests were normal. Results of immunologic assays indicated IgG2 deficiency with transient hypogammaglobulinemia.
Disorders of immune function in mammals can be primary, i.e., congenital or inherited, or secondary, i.e., acquired. They can affect the specific or nonspecific immune systems (or both). In cattle, several immunodeficiency syndromes with increased susceptibility to microbial infection have been described, including primary immunodeficiency syndromes affecting specific or nonspecific immunity. 3, 9, 19, 27 Disorders affecting humoral immunity, such as selective deficiency of Immunoglobulin (Ig)G2 in Red Danish cattle 13 and transient hypoglobulinemia in a Simmental heifer, 30 have been reported. Acquired humoral suppression can be caused by several bacterial or viral infections 15 : acquired humoral immunity dysfunction associated with IgG1 fragment deficiency was observed in a cow affected by Trypanosoma theileri, Eperythrozoon wenyoni, and Fasciola hepatica. 2 This report presents for the first time transient hypogammaglobulinemia and IgG2 deficiency in a Holstein heifer with chronic respiratory infection.
A 6-month-old Holstein heifer weighing 174 kg was referred to the Centre Hospitalier Universitaire Vétérinaire de l'Université de Montréal, Saint Hyacinthe, Québec, Canada, for a 2-month, refractory respiratory problem. The referring veterinarian had diagnosed bronchopneumonia and treated the heifer with several antibiotics (tilmicosin, ceftiofur, penicillin, trimethoprim/sulphodoxine) with transient positive responses occurring during the treatment period. The heifer also received 10 mg of prednisolone acetate IM per day for 3 days until 2 days before referral. The animal had never been vaccinated against the common respiratory viruses or any other agent. A heifer from the same dam, born the year before, had died at 6 months of age after several months of chronic respiratory disease. Another heifer, which had the same bull as sire, had also died of chronic unresponsive respiratory disease, and the necropsy revealed omphaloarteritis and severe chronic bronchopneumonia, with histologic lesions compatible with mycoplasma infection and secondary bacterial infection. No other respiratory problems had been observed in the herd in the previous year.
On admission, the heifer appeared depressed, hirsutic, and was in poor general condition. Rectal temperature was 40.2 C, heart rate was 68 bpm, and respiratory rate was 68 bpm. Mild bilateral mucopurulent nasal discharge was present without any visible lesion on the nose or in the oral cavity. Thoracic auscultation revealed increased lung sounds cranioventrally, bilateral expiratory crackles, and expiratory wheezing.
Complete blood count revealed marked leukocytosis (32.6 ϫ 10 9 /liter) with neutrophilia (29.3 ϫ 10 9 /liter), slight lymphopenia (2.0 ϫ 10 9 /liter), and slight monocytosis (1.0 ϫ 10 9 /liter). Serum protein concentration was low (51.10 g/liter) with associated hypoglobulinemia (15.40 g/liter). During the 45 days of hospitalization, neutrophilia decreased gradually to high normal values (4.86 ϫ 10 9 /liter). Lymphocyte and fibrinogen values ranged from 1.2 ϫ 10 9 /liter to 5.2 ϫ 10 9 /liter and from 1 to 5 g/liter, respectively, during the 45-day period.
Initial radiographic evaluation (day 1) revealed cranioventral consolidation with cavitary lesions. Cytological examination of a transtracheal aspirate (day 1) showed suppurative inflammation with 96% neutrophils and 4% macrophages. Bacterial culture of the aspirate yielded a mixed bacterial flora composed of Pasteurella spp. (other than Pasteurella multocida), Pseudomonas Lymph node and bone marrow aspiration and biopsy were normal. On day 16, the heifer developed severe bilateral swelling of the lateral retropharyngeal lymph nodes. A biopsy of the lymph node revealed hyperplastic lymphadenopathy with follicular lymphoid depletion. Gemella morbillorum was cultured from the lymph node.
Additional laboratory tests were performed to evaluate immune function. Neutrophil chemotaxis, oxidative burst, myeloperoxidase content, primary granule release, and phagocytosis capacity were tested. 7 No abnormalities in neutrophil function were shown.
Circulating lymphocyte populations 25 and CD-18 expression 14 were evaluated by flow cytometry. They were normal, except for a higher than normal number of CD5ϩ B-lymphocytes.
In vitro cell-mediated immunity was evaluated by lymphocyte responses to the following mitogens: lipopolysaccharide, pokeweed mitogen, and concanavalin A, as described previously. 5 The ex vivo prolif-eration was normal compared with 2 Holstein heifers of the same age.
The heifer's humoral response was evaluated in vivo by vaccination with 2 doses of a combined vaccine containing killed BRSV, IBR, BVD, PI-3 viruses b at a 14-day interval. An antibody response was observed against PI-3, IBR, and BVD as early as 14 days after the first vaccination, with a further increase after the second vaccination. However, there was no increase in BRSV titers (Table 1) .
At day 10 of hospitalization, serum protein electrophoresis showed hypogammaglobulinemia (6.9%; normal: 15-36%). Serum immunoglobulin concentrations were determined by single radial diffusion. The heifer had low concentrations of IgG1 and IgG2, no IgA, and subnormal levels of IgM (Table 2 ). Hypoglobulinemia persisted throughout the 45 days of hospitalization despite a slight elevation after vaccination (15.4-21 g/ liter). On day 45, serum immunoglobulin concentrations were reevaluated; IgG2 and IgM concentrations were still very low. However, IgG1 and IgA concentrations were normal ( Table 2) .
During the first few days of hospitalization, a diagnosis of chronic bronchopneumonia with possible immunodeficiency was made. Antibiotic therapy was initiated with spectinomycin c (10 mg/kg, SC, q 24 hours) for 7 days, then changed to enrofloxacin d (5 mg/ kg, SC, q 12 hours, 9 days total), erythromycin e (2.2 mg/kg, IM, q 12 hours, 10 days total), and gentamycin f (5 mg/kg, SC, q 24 hours, 14 days total) on the basis of bacterial sensitivity results. No clinical improvement was observed during hospitalization. Abnormalities on pulmonary auscultation and radiographs persisted throughout hospitalization. On day 45, the heifer was euthanized at the age of 7.5 months because of the poor prognosis and lack of clinical improvement.
At necropsy, the cranioventral regions of both lungs were poorly aerated, dark red, and on cut surfaces many bronchi were dilated, tortuous, and filled with mucopurulent exudate. The tracheobronchial lymph nodes were enlarged and firm. The lateral retropharyngeal areas both contained large abscesses 5-7 cm in diameter, filled with yellowish pus. Histologically, the cranioventral lung tissue showed a severe inflammatory process centered on small bronchi and bron-chioles, which were surrounded by an abundant lymphoplasmocytic infiltrate forming wide cuffs and often containing secondary follicles. The bronchiolar mucosa was thickened by a mixed inflammatory cell infiltrate, edema, and fibrosis. The bronchiolar epithelium was frequently hyperplastic, with frequent loss of cilia and goblet cell metaplasia. Occasional bronchioles had formation of fibrous tissue projections filling most of the airway lumen (Bronchiolitis obliterans). Apart from the abscessated retropharyngeal lymph nodes, all lymphoid tissues examined (spleen, thymus, multiple lymph nodes) were structurally normal and active. Arcanobacterium pyogenes was isolated in large numbers from cranioventral samples of each lung; Streptococcus spp. and mixed enterobacteria were isolated in smaller numbers from 1 sample. Culture for Mycoplasma was negative. Fluorescent antibody examination of lung tissue was negative for IBR, BVD, BRSV, PI-3, and M. bovis.
This heifer had chronic unresponsive bronchopneumonia of several months duration, associated with transient hypoglobulinemia and a persistent IgG2 deficiency throughout treatment. Immunoglobulin G2 deficiency was first described in Red Danish cattle 13 and in Central Africa cattle. 22 Approximately 2% of the Red Danish population and 17% of adult Red Danish cattle with various diseases were reported to be deficient in IgG2. 17 Moreover, 87% of Red Danish cattle that suffered from gangrenous mastitis had an IgG2 deficiency. 11 Immunoglobulin G2 deficiency was assumed to be a consequence of a deficient synthesis rather than excessive catabolism. 17 Data were insufficient in the previous report to prove a genetic basis for the condition, as has been shown in humans. 18 Mycoplasma bovis was the only pathogen isolated that is a known primary cause of chronic respiratory disease. 10 Mycoplasma bovis has been demonstrated to be both immune reactive and immunosuppressive. 28 Secondary to experimental M. bovis pulmonary infection, 29 serological analysis revealed principally an increase in IgG1 but little IgG2 was also produced. However, human patients with X-linked agammaglobulinemia, congenital agammaglobulinemia, or low serum IgG are more susceptible to mycoplasma infections. 23 Consequently, in this case, it was most likely that IgG2 deficiency may have led to predisposition to mycoplasma pneumonia.
Before hospitalization, the heifer had received several injections of prednisolone, which could explain the neutrophilia observed on the heifer's arrival. Corticosteroids can cause immunosuppression but have minimal effect on antibody production. 26 No data are available in cattle with prednisolone, but dexamethasone sodium phosphate (0.08 mg/kg, IM) followed by dexamethasone-21 isonicotinate (0.25 mg/kg, IM, 37 hours later) was reported to decrease only IgM levels after 6 days. 1 In the present case, the heifer received only 30 mg of prednisolone over 3 days (0.06 mg/kg, daily), making it a very unlikely cause of its immunoglobulin deficiency.
Some viruses, such as BVD virus, 21 BIV, 8 or BLV, 15 can induce acquired immunosuppression. In the present case, CD5ϩ B-lymphocyte numbers were elevated. In BLV-infected cattle with persistent lymphocytosis, nearly all B cells are CD5ϩ. 6 No evidence of BLV infection or persistent lymphocytosis was found in this heifer. There was also no evidence of BVD virus, or BIV infection, so it is unlikely that the heifer's immunodeficiency was viral in origin. Deficiencies in trace elements or abnormalities in their metabolism have been reported to reduce lymphocyte responses to mitogens, but hypoglobulinemias have not been associated with trace element deficiency, 24 so it is unlikely that these were the cause in the present case.
Transient hypogammaglobulinemias have been reported in children, 12 foals, 20 and in a Simmental heifer. 30 Any or all classes of immunoglobulin can be affected. In foals 20 and humans, 12 transient hypoglobulinemia was attributed to a delayed onset of immunoglobulin synthesis, with normal numbers of B and T lymphocytes. In a report on a Simmental heifer, 30 no specific T-cell abnormality could be defined because of a lack of available lymphocyte markers. In the present case, circulating T-cell populations were normal in number and responsive to mitogens. It was therefore unlikely that the delayed onset of immunoglobulin synthesis was caused by T-cell dysfunction but it may have been a prodrome of IgG2 deficiency, as reported in selective IgA deficiency in children. 12 The clinical presentation of a Simmental heifer suffering from transient hypogammaglobulinemia 30 was similar to the present case: abnormal clinical signs began at the age of 4 months, treatments yielded only temporary clinical improvement, and both animals presented symptoms of chronic respiratory disease only. The Simmental heifer's gammaglobulin levels increased and were normal 100 days after the beginning of hospitalization, 9 days after in vivo immune stimulation with Escherichia coli bacterin. In the present case, a slight increase in total globulin level was seen 14 days after in vivo immune stimulation by vaccination; but after 32 days, the heifer was still hypoglobulinemic, with IgG2 levels considerably below normal. The heifer was therefore considered to have a primary deficiency in IgG2, with transient hypogammaglobulinemia.
Typically, cattle with IgG2 deficiency show decreased resistance to infection caused by pyogenic bacteria. 17 First symptoms appear at the age of 6 months to 3 years, and lung infections are most commonly observed. 18 However, resistance to viral infection appears to be unaffected. 18, 22 No other immune system abnormality is noted. This clinical picture is similar to that of the present case. The pulmonary lesions observed in the heifer were those typically caused by chronic infection with inhaled bacterial pathogens, such as mycoplasma. Other bacteria isolated from the respiratory tract at admission and necropsy were mixed, opportunistic secondary pathogens, suggesting a deficient immune response to normally innocuous agents. Two sisters of the heifer, one with the same mother and the other with the same sire, also died after chronic respiratory infections that had a similar time course, suggesting a possible genetic link for this deficiency. However, as was the case with Red Danish cattle, the current evidence is insufficient to confirm such a link. This is the first report of IgG2 deficiency in Holstein cattle. This deficiency was associated with a transient hypogammaglobulinemia that can be considered a delayed onset in immunoglobulin synthesis, without any apparent deficiency in T-cell function. No other abnormality of the immune system and no primary cause were found, suggestive of a primary specific IgG2 deficiency. Some features of the history suggest a possible genetic link.
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